Background: Hemoglobin A1c (HbA1c) is a glycated form of hemoglobin and is associated with increased susceptibility to tuberculosis (TB), severity, and resistance to therapy. We aimed to determine the impact of HbA1c levels on sputum conversion time among Indonesian patients with pulmonary TB under the intensive phase of TB treatment. Methods: This prospective cohort study was conducted in patients with new cases of pulmonary TB patients aged ≥15-year-old and had never been diagnosed with type 2 diabetes mellitus (T2DM). The exclusion criteria of this study are pulmonary TB accompanied by T2DM, pregnancy, or coinfected with human deficiency virus. Statistical analysis was performed using Fisher's exact test to find the relative risk of all variables. We also performed power analysis to check the sample sufficiency. Results: One hundred and twenty-three patients of new cases of pulmonary TB were included in this study; of which 63 females and 60 males. There were 12 patients who had HbA1c levels ≥47.5 mmol/mol. More than half (56.1%) of patients had smear-positive acid-fast bacilli and duration of sputum smear conversion time for more than 2 months was recorded in 11 patients (8.9%). There was a significant relationship between HbA1c levels >47.5 mmol/mol and sputum conversion time >2 months with a relative risk of 6.3 (1.9-39.6), value of P = 0.01. Conclusion: HbA1c levels played an important role toward sputum smear conversion time in patients with new cases of pulmonary TB, and therefore, HbA1c should be considered as an important factor for the outcome in patients receiving anti-TB drugs. 
IntroductIon
Tuberculosis (TB) caused by Mycobacterium tuberculosis (MTB) is associated with diffuse functional impairment of most endocrine organs resulted in diffuse endocrinopathies. [1] As a chronic infection, TB is also associated with hyperglycemia. [2] Hemoglobin A1c (HbA1c) is the glycated form of hemoglobin and is regarded as an average level of glucose during the past 90 days. [3] [4] [5] The level of HbA1c is closely associated with the prevalence of type 2 diabetes mellitus (T2DM) in various studies. In a prospective study of patients with TB in Southern Mexico, the prevalence of T2DM among 1262 patients with TB was 374 patients (29.63%). [6] Moreover, T2DM with HbA1c >53mmol/mol is related to an increased risk of active pulmonary TB. [7] The investigation in Indonesia has showed that the proportion of culture conversion at 2 months tends to be similar in patients with T2DM and without T2DM (17.1% and 18.3%), however, when they were reexamined at the end of treatment, the positive cultures were 22.2% in T2DM patients and 9.6% in patients without T2DM. [8] A study by Wijayanto et al. [9] revealed that the HbA1c level >8 is associated with TB in T2DM patients. Kulsum et al. [10] revealed that an increase in HbA1c level would increase the risk of sputum smear conversion failure 2.313 times greater in patients with T2DM. However, the impact of HbA1c levels in the sputum conversion among Indonesian TB patients who had never been diagnosed with T2DM remains to be elucidated. reduced to 123 patients. A total of three patients had died, two patients dropped out and two patients were lost in the follow-up process. There was a nearly equal number of men and women and the mean age was 33.8 + 14.6 years old.
In this study, the mean HbA1c level was 42.1 ± 10.53 mmol/mol with a range of HbA1c level from 29.0 to 125.1 mmol/mol. The cutoff point of HbA1c ≥47.5 mmol/mol was used for the classification of T2DM in this study. There were 12 patients (9.8%) with the HbA1c level of ≥47.5 mmol/mol, and therefore, these patients were classified as T2DM. The demographic characteristic of patients, including body mass index (BMI), smoking status, acid-fast bacilli (AFB) status, and time to conversion status, are described in Table 1 .
Patients with HbA1c level of ≥47.5 mmol/mol were referred to the Department of Internal Medicine to confirm the diagnosis of T2DM and treatment. A total of 11 patients (8.9%) received metformin therapy, and one patient received insulin therapy. The number of patients who received metformin therapy and had sputum smear conversion occurred within 2 months was five patients (45.5%), while patients with sputum smear conversion >2 months were to six patients (54.5%) and patients who received insulin therapy experienced a conversion of more than 2 months. Nevertheless, the results showed no statistically significant relationship (P > 0.005).
First, we determined the relative risk of prolonged s p u t u m c o n v e r s i o n t i m e a m o n g p a t i e n t s w i t h HbA1c >47.5 mmol/mol as described in Table 2 . Most of A value of P < 0.05 was considered to be statistically significant.
We performed power analysis test based on the acceptable statistical assumption (α = 0.05, β = 0.2, and power = 0.8) to ensure we have sufficient sample as described in Figure 1 . Using power formula for two group comparisons and statistical corrections for continuity, the calculated minimum total sample size that is required was 54, with minimum allocation in both groups (≥47.5 mmol/mol group and <47.5 mmol/mol group) were 9 and 45, respectively. In the end of the study, we have 69 patients divided into 11 patients of the ≥47.5 mmol/mol group and 58 patients of the <47.5 mmol/mol group. Therefore, using the same formula, the calculated power of our study was 0.85, which above the standard of acceptable statistical assumption.
results
Initially, there were 130 patients included, but during the subsequent extensive observations, the number of patients got Next, we performed the bivariate analysis to determine the factors that influenced the conversion time in patients with pulmonary TB. The variables considered were the following, sex, age, BMI, smoking habits, AFB status, bacterial load, hemoglobin levels, and HbA1c level. Variables that showed a statistically significant (P = 0.001) only the level of HbA1c with a relative risk of 6.3, meanwhile, other variable showed nonsignificant results using bivariate analysis. This analysis is described in Table 3 .
dIscussIon
Sputum conversion is one of the important outcomes in the treatment of pulmonary TB because it represents the infection control in the environment surrounding TB patients. Identification of factors that may prolong the sputum conversion has been an intensive investigation. In this study, we hypothesized that HbA1c in Indonesian TB patients who had never been diagnosed with T2DM might affect the sputum conversion time.
In this study, number of female patients nearly equal with male patients (51.2% vs 48.8%, respectively). In a previous study by Kulsum et al. [10] in the Persahabatan Hospital Indonesia, the new cases of TB patients with diabetes were dominantly male individuals (64.58%). In contrast, Wijayanto et al. [9] found new cases of TB patients were more common in women individuals (59.2%) than men (40.8%). [9] Nevertheless, several previous studies have revealed that distribution of the gender is not significantly different. [11] [12] [13] [14] The mean age of patients in this study was 33.8 ± 14.6 years. In contrast to the study conducted by Wang et al. [13] their observed the patient's average age was 50.4 ± 18.6 years old. Furthermore, a study by Wijayanto et al. [9] had predominantly older age patients (>60 years), as many as 82 patients (49.4%). Similarly, the study by Raghuraman et al. [14] had patients ranging from 41 to 50 years of age. In this study, the patients were predominantly teens and young adults. Previous studies, however, included TB patients with confirmed T2DM.
In the current study involving newly diagnosed TB patients, HbA1c level was assessed, and there were 12 patients (9.8%) with HbA1c level ≥47.5 mmol/mol. According to the WHO report in 2011 that stated HbA1c as diagnostic tools for T2DM diagnosis, it can be concluded that the proportion of T2DM in this study is 9.8%. [15] However, in studies by Leung et al. [7] and Leegaard, et al., [16] they used the cutoff HbA1c level 53 mmol/mol to diagnose diabetes. The prevalence of T2DM in TB patients is varied across studies. Olayinka et al. [12] noted the prevalence of T2DM in TB patients in Nigeria was about 5.7%. T2DM was documented in 14% of 1131 new cases of pulmonary TB in the TB Control Program in South India. [17] Similarly, Alisjahbana et al. [8] showed that 94 patients (14.8%) were categorized as T2DM with 57 new patients to have already been diagnosed with T2DM (60.1%). Among 209 TB patients, another study in South India revealed a higher prevalence of T2DM compared to the current study 54.1%, and 3 months of follow-up, the HbA1c declined. [18] the smear-positive pulmonary TB patients (93.1%) with HbA1c <47.5 mmol/mol had sputum smear conversion within 2 months, while there were only four (6.9%) patients with HbA1c level ≥47.5 mmol/mol, and had sputum smear conversion time within 2 months. The relative risk of sputum conversion more than 2 months in patients with HbA1c >47.5 mmol/mol was 6.3 (P = 0.01). This implies that HbA1c ≥47.5 mmol/mol would significantly increase the risk of AFB sputum conversion time of more than 2 months by six times compared to patients with HbA1c <47.5 mmol/mol. Vice versa, patients with sputum conversion >2 months had significantly (P = 0.0018) higher mean of HbA1c, as shown in Figure 2 .
We then analyzed the relationship between bacterial load and sputum conversion time [ Table 2 ]. In this study, a total of 39 patients (31.7%) had bacterial load 1+ (10-99 bacilli/100 field), 19 patients had a (15.4%) result of 2+ (1-10 bacilli/1 field), and 11 patients were (8.9%) categorized in the 3+ (>10 bacilli/1 field). However, there was no statistically significant relationship between bacterial load and sputum smear conversion time (P = 0.736). The proportion of patients with smear-positive pulmonary TB was 69 patients (56.1%). In a previous study by Alisjahbana et al., [8] it was found that 29.8% were patients with sputum smear-positive. Wijyanto et al. [9] study showed six patients (3.4%) with smear-positive pulmonary TB patients with T2DM and 31 patients (17.8%) with negative sputum smear. Raghuraman et al. [14] studied 51 patients (32.9%) with smear-positive TB patients with T2DM. Other study revealed that T2DM patients with HbA1C >53.0 mmol/mol were significantly more likely to be smear-positive as compared to nondiabetic patients. [19] Taken together, there is a tendency of increasing percentage of smear-positive among pulmonary TB patients with T2DM. One of the possible reasons is because patients in this study were patients who have never been diagnosed with T2DM previously while accumulating evidence suggests that T2DM tends to have lesser positivity of bacilli in the microscopic sputum smear. [6, 7, 11] In a study by Amare et al., [20] the prevalence of sputum smear-positive in TB patients with suspected T2DM was 6.2% and this is lower than the positivity results in our findings.
Regarding bacterial load, we did not find a statistically significant relationship between bacterial load and sputum smear conversion time. Bouti et al. [21] studied the factors influencing the sputum conversion time in Morocco; there were 1+ sputum smear on 8 patients (6.7%), 2+ sputum smear in 19 patients (16%), 3+ sputum smear in 37 patients (31.1%), and 4+ sputum smear in 55 patients (46.2%) with approximately 96.6% conversion within 8 weeks. In a study that investigated the factors affecting sputum conversion time among multidrug-resistant TB (MDR TB) cases, Librianty [22] found that bacterial load was significantly associated with prolonged sputum conversion time. Drug-resistant MTB tends to be persisted pathogen that requires more time to be eliminated by the anti-TB drug, and this might explain the different of bacterial load impact on sputum conversion time in drug-resistant TB and drug-sensitive TB.
The implication of T2DM on sputum culture conversion following 2-3 months of anti-TB treatment was varied with relative risks that ranged from 0.79 to 3.25. [23] This study found that TB patients with HbA1c level of ≥47.5 mmol/mol had 6.3 times relative higher risk to sputum conversion time of >2 months compared to patients with HbA1c <47.5 mmol/mol. The result of this study is consistent with the previous study by Kulsum, et al., [10] which concluded that high HbA1c level among T2DM patients will increase (2.313 times) the risk of sputum smear conversion failure. Furthermore, Chaudhry et al. [24] and Jiménez-Corona et al. [6] found that TB patients with T2DM have a delayed sputum conversion compared to TB without T2DM. A study by Alisjahbana et al. [8] found that the proportion of sputum conversion at 2 months tends to be similar in patients with T2DM and without T2DM (17.1% and 18.3%, respectively). Despite all evidence that exists currently, the possible association of T2DM and prolonged sputum conversion remains conflicting. The effect of controlling HbAlc levels by medical intervention in the improvement of sputum conversion time has also not been fully understood, although some studies confirmed that glycemic controls were associated with sputum conversion at 2 months. [25, 26] Regarding TB prevention, metformin was significantly associated with reduced risk of TB among T2DM patients. [27] The bivariate analysis conducted on nine variables showed that HbA1c significantly affected the sputum conversion time. These results are in contrast with the studies by Librianty [22] who identified gender, BMI, bacterial load, second-line treatment history, and resistance patterns, as factors that implicated in the sputum conversion time, although the studies were conducted in MDR TB patients. The similarity of this study with Librianty [22] was in terms of bacterial load factor; the bacterial load ≥2+ will increase the length of time conversion. Moreover, a study by Bouti et al. [21] also revealed patients with high smear grading were more likely to have delayed sputum conversion.
The limitation of the present study is that not all potentially confounding factors were confirmed in this study, such as human deficiency virus infection and other chronic inflammatory diseases. This study also limited by a small number of patients and a short period resulting in difficulties for the assessment of the outcome of treatment.
To the best of our knowledge, our study is the first to report a significant relationship between the HbA1c level of ≥47.5 mmol/mol and prolonged sputum conversion time among Indonesian pulmonary TB without a previous diagnosis of T2DM. The measurement of HbA1c level can be used as a tool to diagnose T2DM and to predict the sputum conversion time in new cases of pulmonary TB patients.
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